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Objective: Conventional end-to-side anastomosis to establish venous outflow for prosthetic arteriovenous grafts often
requires operative patch angioplasty within 1 year because of venous stenosis. Rather than conventional venous
anastomosis, a modified end-to-side anastomosis at a 15-degree angle with a flow diffuser was constructed. Such diffusers
allow decreased flow velocity and increased pressure, inhibiting boundary layer separation.
Methods: Ten brachial artery to axillary vein 6 mm straight se-polytetrafluoroethylene prosthetic arteriovenous grafts were
created with this technique. Patients included 6 men and 4 women (mean age, 66.4 years; range, 54-80 years), all with
renal failure and a history of diabetes. The degree of stenosis at the venous anastomosis was determined with duplex
scanning at intervals of 6 months. Analysis of survival and cumulative primary patency estimates were determined with
the Kaplan-Meier method.
Results: Primary cumulative patency estimate of 100% for the modified group at 18 and 24 months was significantly
greater than that for age-matched historic control fistulas with the conventional end-to-side anastomosis (n  20): 18
months, 32%; 24 months, 32% (P < .05). Although venous stenosis could not be quantitated for thrombosed
conventional fistulas, modified anastomoses had minimal stenosis at 24 months: mean area reduction, 30% (range,
20%-45%).
Conclusion: Incorporation of a flow diffuser and a 15-degree anastomotic angle significantly increases patency of
prosthetic brachial artery to axillary vein grafts. (J Vasc Surg 2003;37:1032-5.)
The traditional graft to vein anastomosis for prosthetic
arteriovenous grafts (PAVG) is created end-to-side, with an
anastomotic angle of 45 to 90 degrees. Most such grafts fail
becasue of myointimal hyperplasia at the anastomosis. In
both animal studies and flow models there is a hemody-
namic advantage for anastomoses created at a more acute,
15-degree angle.1-4 In addition, anecdotal human data for
femoral arteriovenous grafts, in a loop configuration, indi-
cate a patency advantage when a flow diffuser is incorpo-
rated in the venous anastomosis.5 Diffusers are used to
accommodate the mismatch between two dissimilar areas
by interposing an approximately 16% increase in cross-
sectional area at the point of insertion, resulting in de-
creased velocity and increased pressure. This prevents
boundary layer separation.
The present study was undertaken to determine the
effect of an acute anastomotic angle and flow diffuser on
patency of straight upper arm polytetrafluoroethylene
(PTFE) PAVGs.
METHODS
Patient information. From October 1993 through
February 1996, 10 consecutive patients who required per-
manent vascular access for long-term hemodialysis under-
went creation of a straight brachial artery to axillary vein
standard walled 6 mm sePTFE (W. L. Gore, Flagstaff, Ariz)
PAVG with a flow diffuser venous anastomosis and a 15-
degree anastomotic angle. Results were compared with
those in a historic control group of 20 patients who during
the previous year had undergone creation of straight stan-
dard walled 6 mm sePTFE PAVGs in the same anatomic
configuration, with conventional end-to-side venous anas-
tomosis. Previously, PAVGs had been constructed in 8
patients (80%) with modified anastomosis and 18 patients
(90%) with conventional anastomosis.
All patients in both groups had dialysis-dependent re-
nal failure and a history of diabetes at the time of PAVG
creation. In addition, no patient in either group had a
history of ipsilateral central venous catheterization, sodium
warfarin therapy, or dialysis graft at the proposed operative
location.
Determination of anastomotic configuration. In
vitro digital imaging (MVC-FD7 digital camera; Sony,
Woodcliff, NJ) and analysis of anastomotic angle and area
with a computer-based program (University of Texas
Health Sciences Center, San Antonio, Tex) were per-
formed. This consisted of construction of sePTFE to seP-
TFE anastomoses to simulate in vivo anastomoses. Digital
images of the longitudinal axis of the anastomoses were
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obtained to determine the anastomotic angle. The anasto-
mosis was then transected at the midpoint, and digital
images of the lumen were obtained. The cross-sectional
area was determined with the UTHSC software. Similarly,
conventional anastomoses were created at a 45-degree an-
gle without a flow diffuser, and digital images of the
transected lumen were obtained for cross-sectional area
determination. Trial and error resulted in establishment of
the appropriate anastomotic configuration that would re-
sult in a 15-degree anastomotic angle and 16% increase in
cross-sectional area.
Operative technique. The detailed technique for
straight brachial artery to axillary vein PAVG has been
described.6 In brief, negative Allen test results and duplex
scanning of the axillo-subclavian venous system preceded
the operative procedure. Either local, 1% lidocaine, or
general endotracheal anesthesia was administered. After
circumferential dissection of a 3 cm length of axillary vein
and brachial artery, a subdermal tunnel was created with a 6
mm tunneling device (Impra, Tempe, Ariz).
After creation of the subdermal tunnel between the
longitudinal brachial and axillary incisions, 2000 U of
heparin was administered intravenously. After tunneling,
the venous anastomotic end was configured as follows. The
distal end of the graft was transected 2 cm from the superior
aspect (Fig, A). A 1 cm graftotomy was placed in the
superior aspect of the cut end of the graft (Fig, B). A 2 cm
venotomy was created, and terminated with an additional 1
cm at 45-degree angles (Fig, C). The anastomosis was
performed with 4 continuous 7-0 polypropylene sutures,
with sutures starting at the heel, apex of the notch, and at
each apex of the toe of the graft (Fig, D).
Duplex scans (Ultramark 9; ATL, Bothell, Wash) of the
venous anastomosis were obtained at 6, 12, 18, and 24
months after surgery. The B-mode image was used to
measure the greatest anastomotic diameter in the antero-
posterior plane.
Statistical analysis. Demographic characteristics and
24-month primary patency between patients with the mod-
ified anastomosis and a historic group of 20 patients with
the conventional anastomosis were compared with, respec-
tively, the Fisher exact test (Graphpad Instat; courtesy of
Dr. G. Jansen) and the Kaplan-Meier method (Lifetest;
SAS Institute, Cary, NC).
RESULTS
No deaths, wound infections, or hemorrhagic compli-
cations occurred within 30 days of the operative procedure.
Ten patients underwent creation of a PAVG with the
modified anastomosis and were compared with 20 patients
who underwent creation of a PAVG with the conventional
anastomosis (Table I). There were no significant differences
in demographic variables. In addition, all patients had a
history of diabetes mellitus, although whether this was the
cause of renal failure was not determined. It has been our
practice to determine axillary vein diameter by intraopera-
tive measurement of the maximal transverse diameter be-
fore placement of all PAVGs.
Cumulative survival and primary patency estimates are
detailed in Table II. Patient survival in the modified and
conventional anastomosis groups was 67% and 50%, respec-
A, PTFE graft transected 2 cm from distal end. B, Transected
PTFE graft incised 1 cm at superior aspect of distal end. C,
Venotomy with initial incision 2 cm longitudinally, then extended
1 cm at 45-degree angles, for total venotomy length of 3 cm. D,
Completed anastomosis with continuous 7-0 polypropylene su-
tures initiated at heel, toe, and corners of vein.
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tively, at 1 year, and 74% and 60%, respectively, at 2 years
(difference not significantly different, P  .42). Primary
patency estimates between grafts in the modified and con-
ventional anastomosis groups became significantly different
at 18 months and 24 months, respectively (Fisher exact
test, P  .05).
Interval B-mode imaging data are shown in Table III.
There was no significant difference at any time in the
modified anastomosis group (P  .36). Inasmuch as the
conventional group consisted of 20 historic control sub-
jects, these data were not available. However, all failed
PAVGs in this group demonstrated significant myointimal
hyperplasia at the venous anastomosis at revision with patch
angioplasty.
DISCUSSION
The effect of anastomotic angle on anastomotic hemo-
dynamics in vitro was investigated. With a model of the
distal end-to-side anastomosis, steady-state and pulsatile
flow conditions were studied with planar illumination of
suspended tracer particles. Comparison was made between
anastomotic angles of 15, 30, and 45 degrees. Flow sepa-
ration was observed at the toe of the 30-degree and 45-
degree anastomoses, whereas the 15-degree anastomosis
exhibited no such flow disturbance. These results were in
agreement with the observation that intimal hyperplasia
occurs in regions of flow separation at the toe and heel of
the anastomoses.7
In an earlier study,7 clear plastic tube models of end-
to-side anastomoses were constructed at 15-degree and
45-degree angles. Flow patterns were demonstrated with a
dye-injection technique, and a laser Doppler scanning an-
emometer was used to measure near-wall velocity. Flow
disturbance was minimal when the inlet angle was acute and
the proximal outflow segment was occluded.
Bilateral end-to-end and end-to side canine hindlimb
models of arteriovenous fistulas failed to demonstrate a
significant difference in flow stability, turbulence, or kinetic
energy transfer. However, differences in relative amplitude
and velocity of vessel wall movement indicated that anasto-
motic geometry may affect the pattern of hyperplastic re-
sponse.8
In a porcine aortic interposition graft model, data sup-
port the hemodynamic favorability of an acute anastomotic
angle.1 With 8 mm prosthetic grafts, end-to-side anasto-
moses were created at 90-degree, 45-degree, and 15-de-
gree angles. Flow visualization was obtained with a color-
flow Doppler ultrasound scanner.
In comparing configurations, only the 15-degree anas-
tomosis resulted in no flow disturbance at the toe and heel
of the anastomosis.1 Last, recent in vitro studies have
calculated the impedance index for PTFE end-to-side anas-
tomoses created at various angles. The impedance index at
a given flow rate was decreased by reducing the anasto-
motic angle.3
Inclusion of flow diffusers in femoral artery to vein
dacron loop PAVGs decreased the thrombosis rate from
47% to 12%.5 More recently this technology has been
applied to ventricular assist devices, where flow diffusers
reduce thrombus formation.9
Table I. Characteristics of 30 brachial artery to axillary vein grafts placed in 30 patients with dialysis-dependent renal
failure
Anastomosis group
Patients
Prior distal
AVF (%)
ASA
(%)
CHF
(%)
EPO
(%) HCT*
Intraoperative
axillary vein
diameter*
(mm)Age* (y) Sex ratio (F:M)
Modified (n  10) 64  8 4:6 80 65 50 90 32  1 5.3  1
Conventional (n  20) 67  7 5:15 90 70 40 80 30  2 5.0  2
AVF, Arteriovenous fistula; ASA, aspirin therapy; CHF, congestive heart failure; EPO, erythropoietin therapy; HCT, hematocrit.
*Values represent mean  SD.
Table II. Cumulative survival and primary patency
estimates
Anastomosis group
Modified (n  10)
Conventional (n 
20)
No. % No. %
Survival (y)
1 7 67 15 74
2 5 50 12 60
Primary patency estimate (mo)
6 10 100 16 86
12 7 100 10 74
18 6 100 4 32*
24 5 100 4 32*
*P  .05.
Table III. Interval B-mode ultrasound determination of
venous anatomotic diameter for modified anastomoses
Follow-up
(mo)
No. of
patients
Venous anastomotic
diameter reduction (%)
Mean  SE Range
6 10 23  10 10-45
12 7 24  13 10-45
18 6 23  12 12-45
24 5 30  11 20-45
P  .36, Fisher exact test.
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Improved graft patency demonstrated in the present
study may represent the benefit of an acute anastomotic
angle on flow characteristics, ie, decease in flow disturbance
resulting in increased wall shear stress. However, since flow
characteristics, including turbulence, were not directly as-
sessed, this conclusion is speculative. In addition, inclusion
of a flow diffuser may have resulted in decreased boundary
layer separation and therefore intimal hyperplasia. Further
experience with this anastomotic technique and measure-
ment of flow patterns at the anastomosis may elucidate the
mechanism of increased graft patency.
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